Introduction
The emission of nitrogen oxides (NO and NO 2 ) remains one of the major environmental concerns when designing and optimizing combustion systems. A significant amount of work has been devoted to improve the understanding of NO x formation mechanisms in combustion and to develop control strategies to reduce emissions [1] [2] [3] . Future legislation on pollutant emissions from combustion of natural gas is likely to be more stringent, as this fuel will account for an increasing share of power and heat generation. Since natural gas contains no or negligible amounts of fuel-bound nitrogen, formation of NO arises from fixation of N 2 in the combustion air. Thermal NO will also be formed when burning other fuels in an air atmosphere; most pronounced for fuels like oil or woody biomass with a low nitrogen content. Homogeneous mechanisms for fixation of N 2 involve the attack of reactive radicals (O, CH i , H) on the triple bond in molecular nitrogen [1] [2] [3] [4] . These reactions form either NO or a reactive nitrogen intermediate (N 2 O, cyanides, NNH) that may subsequently be oxidized to NO. The thermal NO or Zeldovich mechanism [5] remains the most important source of NO in gas combustion. Formation of prompt NO may also be significant in practical gaseous flames, while formation of NO through N 2 O or through NNH for most applications is believed to be of minor importance.
The mechanism of thermal NO formation is well established. The initiating step is attack of an oxygen atom on the triple bond in N 2 , O + N 2 ⇀ ↽ NO + N
This reaction has a high activation energy and it is the rate limiting step in thermal NO formation. Once formed the nitrogen atom is rapidly oxidized to NO by reaction with OH or O 2 ,
N + OH ⇀ ↽ NO + H (R2) N + O 2 ⇀ ↽ NO + O (R3)
The rate constant for the rate limiting step (R1) in thermal NO formation has been measured directly in shock tube studies [6, 7] and inferred from a number of flame studies [8] [9] [10] [11] [12] [13] [14] [15] . In addition, the reverse reaction,
1 has been characterized experimentally over a wide range of temperature and pressure [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Despite the extensive measurements, the values of k 1 and k 1b , respectively, are not known with an accuracy better than a factor of two, according to the evaluation of Baulch et al. [35] . Furthermore, at high temperatures the Baulch recommendation for k 1 is 50-70% larger than the value derived from their recommendation for k 1b and the equilibrium constant. This way, a modeling prediction of thermal NO formation depends significantly on whether the key reaction is listed in the mechanism in the forward or reverse direction.
The objective of the present work is to obtain an accurate high-temperature measurement of the rate constant for the O + N 2 reaction (R1), and to reconcile the inconsistency between reported values of k 1 and k 1b . We conduct flow reactor experiments for N 2 /O 2 mixtures in the temperature range 1700-1800 K and at atmospheric pressure, monitoring the NO formation. The experimental results, obtained at conditions with accurately controlled temperature and reaction times and interpreted by a detailed chemical model, are used to derive values for k 1 in this temperature range. Based on the present data, as well as literature data for the forward and reverse reaction, we propose a rate constant for N + NO −→ N 2 + O (R1b) for the temperature range 250-3000 K. Predictions with an updated reaction mechanism for thermal NO formation are then compared to experimental data reported in the literature for thermal NO formation in flow reactors, jet-stirred reactors, shock tubes, and laminar premixed flames.
Experimental Setup and Procedure
The experiments were carried out in an experimental setup used with success in previous work (see for instance [36, 37] ), addressing homogeneous gasphase reactions at temperatures up to 1800 K. The reaction system included a non-porous alumina tube reactor with 40 mm inside diameter and 800 mm in length. It has been reported that nitric oxide may decompose on alumina surfaces [38] . However, the alumina used in the present work was sintered and had a very low reactivity. Furthermore, the reactor used had a low S/V ratio of 0.5.
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The reactor was placed in a one-zone electrically heated oven which allowed temperatures up to 1800 K. Figure 1 shows a scheme of the reactor and the profiles achieved for the different reaction temperatures. The temperature profile in the reactor was measured with a type-S platinum ceramic-covered thermocouple. The uncertainty in temperature measurement with the type S thermocouple was estimated to be 1.6 K at 1723 K. The effect of radiation on temperature measurements were found to be below 13 K at 1800 K [37] . Therefore, the overall uncertainty in the temperature measurements is lower than 15 K in the temperature range considered in this study. Due to the high sensitivity to temperature of the rate limiting reaction (R1), this uncertainty corresponds to an estimated uncertainty in the NO formation of ±30% in the 1700-1800 K temperature range.
Gases (O 2 and N 2 ) were led to the reactor at room temperature through mass flow controllers from cylinders. The Brooks mass flow controllers present a full scale error of 1.5%. However, each flow rate was manually checked with a flow meter, reducing the uncertainty of the flows to negligible values. The gas cylinders contained high purity gases with a relative uncertainty of 2% determined for a confidence interval of 95%. Water vapor was fed by saturating a nitrogen stream through a bubbling water system at room temperature. Presence of H 2 O facilitates a rapid partial equilibrium between O and O 2 . The gases were mixed just prior the reactor inlet. At the outlet of the reaction zone, the product gas was cooled by means of external refrigeration with air. The NO concentration was measured by means of a continuous infrared (IR) analyzer module Uras 14. The uncertainty in the NO measurement reported by this analyzer was ≤0.5% of span.
The experiments were carried out under well-controlled conditions at atmospheric pressure and temperatures of 1700-1800 K. The total flow rate was 1000 mL (STP)/min. The uncertainty in the experimental procedure was analyzed and selected experiments were repeated on different, not consecutive days. Repeated experiments were in agreement within 8%. The overall experimental uncertainty is dominated by the uncertainty in the temperature and is estimated to be ±30%.
Chemical Kinetic Model
The chemical kinetic model was based on previous work by the authors on nitrogen chemistry, i.e., [39] [40] [41] [42] . In the present work, reactions involved in thermal NO formation were re-evaluated. The thermodynamic properties were adopted from the Ideal Gas Thermochemical Database by Goos, Burcat and Ruscic [43] . For the species involved in the rate-limiting step (R1), i.e. O, N, NO, and N 2 (see Table 1 ), the uncertainty in the thermochemistry is negligible. For example, the accuracy in the heat of formation at 298 K for ground state atomic nitrogen has been calculated to be better than ± 0.001 kcal mol −1 [43] , using the Active Thermochemical Tables (ATcT) approach [44, 45] . Table 2 lists selected reactions important for the formation of NO in H 2 /O 2 /N 2 mixtures at high temperature. In addition to the reactions in thermal NO formation (R1-R3), subsets are included for formation of NO via N 2 O (R4-R9) and via NNH (R10-R24).
The rate constant for the key reaction in thermal NO formation,
was based on an evaluation of the present experimental data as well as data from literature. This is discussed in detail below.
Once formed, atomic nitrogen is rapidly oxidized to NO in presence of OH and/or O 2 ,
Under oxidizing conditions, these steps are fast, and reaction (R1) is the ratelimiting step in thermal NO formation. However, under reducing conditions or in the presence of considerable amounts of NO (where reaction N + NO ⇀ ↽ O + N 2 (R1b) becomes competitive), the rate constants of (R2) and (R3) may become important for the NO formation rate.
The only direct measurements of k 2 are at low temperatures [48] [49] [50] [51] [52] . At 300 K the data are in good agreement, with the measurements of the temperature coefficient of k suggesting a small negative dependence [49, 51, 52] . At high temperatures, k 2 can be derived from shock tube measurements [53] [54] [55] [56] [57] and flow reactor measurements [58] of the reverse step, H + NO ⇀ ↽ N + OH (R2b). The high temperature data are more scattered, but they support a value of k 2 that is slightly larger than the room temperature determinations.
We have chosen the recommendation of Miller et al. [59] of a temperatureindependent value of k 2 of 3.8 x 10 13 cm 3 mol −1 s −1 . It was based on the low-temperature data of Howard and Smith [48, 49] and the high-temperature results from Flower et al. [57] , and it is in agreement with other reported data sets within the uncertainty.
Contrary to the situation for k 1 and k 2 , measurements of the rate constant for the N + O 2 reaction (R3) are in good agreement over a wide temperature range. These data have been reviewed by Baulch et al. [35] . They recommend the rate constant derived by Fernandez et al. [46] which provides an excellent fit to the reported experimental results.
The N 2 O and NNH subsets were drawn from the recent work of Klippenstein et al. [42] . In the temperature range of the present study, modeling predictions are sensitive to the reaction,
The rate constant for (R6) has been controversial, possibly due to H 2 O contamination on N 2 O shock tube studies. Meagher and Anderson [60] reviewed the available experimental results carefully, and we have adopted their value for k 6 , which is also supported by Baulch et al. [35] .
Results and Discussion
Determination of the rate constants k 1 and k 1b
We have conducted flow reactor experiments for N 2 /O 2 mixtures in the temperature range 1700-1800 K and at atmospheric pressure, varying the O 2 mole fraction in the range 0.45% to 20.9% and monitoring the NO formation. The measured outlet NO concentrations from the experiments are shown in Table 3 .
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The experimental results were interpreted by the detailed chemical model discussed above and used to determine the rate constant for the reaction,
For the modeling analysis, plug flow behavior of the reactor was assumed.
Computations were conducted using Chemkin-PRO [61] . With the detailed mechanism and using the temperature profile shown in Figure 1 , we have adjusted k 1 for each condition to get the best fit according to the present experimental NO data.
In the kinetic analysis, the fitting involved the data of the 1.8, 8.0, and 20.9% O 2 in N 2 mixtures over the 1700-1800 K temperature range (sets 2-4 in Table 3 ). The full temperature profile inside the reactor for each experiment was used for calculations. The temperature range of the experiments is too narrow to determine the activation energy for (R1) accurately. Instead, we fixed E a at the recommended value of 76.1 kcal mol −1 [35] and determined the pre-exponential factor A for each condition. The measured values of A are shown in Figure 2 . Here, each value of A is associated with the peak temperature of the specific experiment. The scatter in the values of A derived from the detailed modeling is well below a factor of 1.5. From a least-squares fit, we obtain a value of k 1 = 1.4·10
14 exp(-38300/T) cm
Figure 3 compares modeling predictions obtained using the present value of k 1 with the measured NO concentrations. In this comparison all NO results from sets 1 to 4 have been used. As expected, the observed NO concentrations are captured well by the model.
Sensitivity and reaction path analysis were performed to delineate the important reactions influencing the thermal NO formation process. In the initial stage, partial equilibrium between atomic and molecular oxygen is rapidly attained. The formation of O is facilitated by the sequence, and to a lesser extent by a reaction sequence involving N 2 O,
However, as the reaction advances other minor steps also become active, including the N + OH reaction (R2). There is some NO/NO 2 interconversion through the sequence
but these reactions do not contribute to net NO formation. 
Here, S NO,i represents the sensitivity coefficient for the i th reaction included in the sensitivity analysis for NO formation except for the investigated reaction (i = 1). Thus, i corresponds to N 2 + O (R6), HO 2 (+M), and H 2 O + O 2 . The factor ∆k i /k i represents the uncertainty associated with the i th reaction; these were mostly drawn from Baulch et al. [35] . For the most important side reaction (R6), Baulch et al. report error limits, quoted as ∆log(k 6 ), of ±0.2 at 2000 K rising to ±0.3 at 4000 K and ±0.4 at 1000 K. Considering that the present experimental work has been performed over the 1700-1800 K temperature range, we have evaluated the sensitivity of the process to variations in ∆log(k 6 ) of ±0. 25 . Taking into account these error limits and the sensitivity coefficients shown in Figure 4 , the uncertainty in the determination of the rate constant of reaction arising from uncertainties in side-reactions, U sr,1 , is about 8%.
The overall uncertainty limit U tot,1 is subsequently determined by:
where U exp is the experimental uncertainty. With the uncertainty in the temperature being dominant an overall uncertainty in k 1 of about 30% has been calculated.
The rate constant k 1 for O + N 2 ⇀ ↽ NO + N has only been measured directly in the shock tube studies of Monat et al. [6] and Thielen and Roth [7] . These two studies are in good agreement. Values of k 1 have also been inferred from a number of flame studies [8] [9] [10] [11] [12] [13] [14] [15] . The flame data show significant scatter, presumably due to uncertainties in the flame temperature and in the concentration of atomic oxygen, and we have chosen in the present study to disregard these indirect measurements. Contrary to (R1), the reverse reaction N + NO ⇀ ↽ O + N 2 (R1b) has been characterized experimentally over a wide range of conditions [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] and direct measurements are available over a temperature range of 48-3660 K. Less accurate indirect determinations of k 1b have been reported from shock tube studies of NO decomposition [62] .
Since the rate constant for reaction (R1b) has been more thoroughly characterized experimentally than that of (R1), we focus on k 1b in the following. From the equilibrium constant of the reaction, we convert our values for k 1 to the corresponding values of k 1b . Due to the negligible uncertainty in the thermodynamic properties for the involved species, the loss of accuracy in this conversion is very small. Figure 5 shows an Arrhenius plot for reaction (R1b). In the figure, each data point represents the mean value at the specified temperature of measurements across the range of O 2 concentrations from 1.8% to 20.9%. Also shown in the figure are the corresponding rate constants derived from the evaluation of Baulch et al. [35] . Baulch et al. stated that their recommendations for the forward and reverse rate constant were in agreement within the combined uncertainty (a factor of two for both rate constants). Both sets of rate constants from Baulch et al. are within the ±30% uncertainty of the present values. However, as seen in the figure, the value for k 1b , derived from their recommendation of k 1 and the equilibrium constant, is 50% larger at 1700-1800 K than their recommended value of k 1b . This difference becomes even more pronounced as the temperature increases. For this reason, it is important to obtain values of k 1 and k 1b that are internally consistent. Figure 6 shows an Arrhenius plot for the N + NO reaction (R1b) over a broader temperature range, comparing literature data with the values of k 1b derived from the flow reactor experiments of the present work and with our recommended rate constant. For clarity, only selected low-temperature data are shown. There is a substantial scatter in the measurements and a considerable uncertainty about the temperature dependence of the reaction. The low-temperature data were evaluated by Sander et al. [63] and Baulch et al. [35] . Their low-temperature recommendations were based on the discharge flow-resonance fluorescence study of Wennberg and Anderson [33] , and the discharge flow-resonance fluorescence and flash photolysis-resonance fluorescence studies of Lee et al. [22] . These studies indicate a value of k 1b at 300 K of 1.8-2.1 x 10 13 cm 3 mol −1 s −1 , in reasonable agreement with measurements by Lin et al. [20] , Cheah and Clyne [23] , Stief et al. [27] , and more recently Bergeat et al. [34] . From the equilibrium constant of the reaction, we have converted values for k 1 from the shock tube studies of Monat et al. [6] and Thielen and Roth [7] to the corresponding k 1b values and they are also shown in the figure. The agreement between the two shock tube studies is good, and their results formed the basis for the recommendation of k 1 from Baulch et al. [35] , shown as the long-dashed line in Fig. 6 . It is apparent from the figure that the Baulch recommendations for the forward and reverse rate constants become substantially different at high temperatures.
Combination of our results with literature values leads to a recommended rate constant for k 1b of 9.4 x 10 12 T 0.14 cm 3 mol −1 s −1 over the 250-3000 K range. This value is roughly 25% above the Baulch recommendation for k 1b , while it corresponds to a value k 1 of the reverse reaction about 25% below the Baulch evaluation. Our recommended rate constant is in good agreement with the low temperature data for N + NO (R1b) and agree within uncertainty limits with the shock tube determinations for N + NO by Davidson and Hanson [28] , Michael and Lim [31] , Mick et al. [32] , and for O + N 2 by Monat et al. [6] and Thielen and Roth [7] . This way, the present value of k 1b reconciles the differences between the forward and reverse rate constant and we recommend it for use in kinetic modeling.
Modeling predictions for thermal NO
Formation of thermal NO has considerable implications for pollutant emissions in combustion and one would expect that it had been extensively characterized experimentally. However, perhaps due to the simplicity of the mechanism, little experimental work has been conducted to characterize thermal NO formation under well-controlled conditions. Formation of NO from an O 2 /N 2 mixture at high temperatures has only been reported from a few studies conducted in shock tubes [64, 65] and flow reactors [66, 67] . These studies generally support the findings of Zeldovich [5] and have attracted little attention.
In addition to the data obtained in N 2 /O 2 systems, NO formation has been reported from combustion of H 2 in jet-stirred reactors [68, 69] , shock tubes [70] , laminar premixed flames [71] [72] [73] [74] [75] , and laminar opposed-flow diffusion flames [76] . Data from some of these studies were used for model validation by Konnov [77] and by Frassoldati et al. [78] . Unfortunately, most of the reported results are not suitable for purposes of quantifying the thermal NO formation rate, either because the conditions of the experiments were not fully characterized or because the work was conducted under conditions where thermal NO formation was not the main source of NO. This is discussed further below.
In addition to the hydrogen flames, a number of hydrocarbon flames have been used to characterize thermal NO and to estimate the rate constant of (R1) [8] [9] [10] [11] [12] [13] [14] [15] . While NO formation in the near-burner region of these flames is likely to be dominated by prompt NO formation, additional NO formed in the post-combustion region can be attributed largely to the thermal NO mechanism. As discussed above, values of k 1 derived from flame data show significant scatter, presumably due to uncertainties in the determination of flame temperature and atomic oxygen concentration. It should also be noted [14] that in the post-flame region, pronounced radial temperature gradients develop due to heat losses to the surroundings. Because of the strong temperature-dependence of the rate of reaction (R1), radial [NO] gradients will also gradually develop and the additional NO formed in the hotter central parts of the flame will diffuse to the outer cooler regions. Due to these uncertainties, flame data can only be used cautiously for model evaluation.
In the following, we compare modeling predictions using the detailed chemical kinetic model with experimental results obtained in flow reactors, jet-stirred reactors, shock tubes, and laminar premixed flames. The aim of this part of the study is to verify that the mechanism, with the present value of k 1 , is compatible with experimental data for the thermal NO formation rate over a wide range of conditions.
Formation of NO from O 2 /N 2 in a flow reactor
In addition to the present work, formation of NO from reaction of O 2 and N 2 at high temperature in flow reactors has been studied by Arai et al. [66] and by Tomeczek and Gradon [67] . Tomeczek and Gradon reported NO formation rates from oxygen/nitrogen mixtures in the 1653-1798 K range that apparently were too high to be explained in terms of the Zeldovich mechanism, i.e. reactions (R1) to (R3). They attributed the additional NO formation to the nitrous oxide mechanism, i.e.,
assigning a very high rate constant for reaction (R6). As discussed elsewhere [60, 79] , this value is incompatible with available experimental data, and while the source of the large NO formation rate observed by Tomeczek and Gradon is still unexplained. For this reason, we choose to disregard this data set in our evaluation.
Arai et al. [66] conducted an experimental study of the O 2 /N 2 system in an isothermal laminar flow reactor, investigating the effect of the O 2 /N 2 ratio and the temperature on the formation of NO. The reactor consisted of an alumina tube of length 700 mm and diameter 20 mm, located in an electrically heated oven with 10 silicon carbide heating elements. The temperature along the center axis of the reactor was measured by a PR-13 thermocouple. The NO concentrations in the outlet gas from the reactor were measured continuously by a chemiluminescence analyzer. The reaction temperature covered the range 1550-1750 K while the O 2 mole fraction (O 2 /(N 2 +O 2 )) ranged from 0 to 1.0. Measurements confirmed that an isothermal region of about 39 cm for T = T iso ± 80 K was established in the reactor. Due to the sensitivity of the thermal NO mechanism towards the temperature, in the present study we have conducted calculations with the full measured temperature profile for reference, finding a corresponding length of an isothermal zone slightly longer than that of Arai et al. 
Formation of NO from H 2 oxidation in a jet-stirred reactor
Results on formation of NO from combustion of H 2 in jet-stirred reactors have been reported by Engleman et al. [68] and by Xie et al. [69] . The jetstirred reactor data of Xie et al. were obtained at temperatures of 1400-1550 K. Under these conditions the N 2 O mechanism controls the NO formation and these data were not considered further in the present work.
Engleman et al. [68] studied formation of NO in a jet-stirred reactor for oxidation of hydrogen, carbon monoxide and propane. The combustion experiments were conducted at atmospheric pressure at residence times in the range 1.5-4.0 msec. Gas temperatures could be measured within ±10 K up to about 2040 K with a Pt/Pt-10% Rh thermocouple. At temperatures above this value, Engleman et al. relied on a heat balance equation, with an overall heat transfer coefficient fitted to match experimental data. Under these conditions only shortened duration of testing was conducted and it is uncertain whether thermal equilibrium was attained. We consider the data obtained in these conditions (shown as open circles in the figure) to be less reliable than measurements conducted at lower temperatures (closed circles).
The model predicts well the NO levels at conditions with excess O 2 (ϕ = 0.7) or excess fuel (ϕ ≥ 1.1). However, close to stoichiometric conditions, NO is overpredicted by a factor of two or more. We attribute this difference mainly to the uncertainty in the temperature. Predictions with the k 1 and k 1b from Baulch et al. [35] (dashed lines) are probably also with the experimental uncertainty, even though they differ significantly.
Formation of NO from H 2 oxidation in a shock tube
Shock tube results for thermal NO have been reported for O 2 /N 2 mixtures by Glick et al. [64] and by Camac and Feinberg [65] . Unfortunately the data from these studies were reported in a form which make them difficult to utilize for model evaluation. On the other hand, the shock tube results from Bowman [70] for NO formation from H 2 oxidation at high temperatures are useful, since both reaction conditions and product composition are well characterized.
Bowman [70] conducted reflected shock tube experiments for H 2 oxidation in O 2 /N 2 , using spectroscopic techniques to monitor the concentrations of NO, OH and H 2 O as a function of time. The absorption optical system was calibrated to give the concentrations of NO in the v = 1 and v = 2 vibrational states to minimize interference from absorption of O 2 . The concentration of NO was then determined from assuming local vibrational equilibration. The uncertainty in the reflected shock temperature was estimated to be ±50 K.
In the present work, we have simulated the NO(v=1) concentration as a function of time and compared to the experimental results. Under the experimental conditions, NO and NO(v=1) are rapidly equilibrated through the reaction,
Both the excitation and the relaxation reaction has been studied over a wide temperature range (see [80] [81] [82] ) and the rate constant is known probably within a factor of two. Calculations with this reaction added to the reaction mechanism confirms the assumption of Bowman that the vibrational states of NO are rapidly equilibrated, and modeling predictions are not sensitive to the relaxation rate constant.
Experiments were conducted under oxidizing and reducing conditions, respectively. Figure 9 compares measured and predicted concentration profiles for OH and NO(v=1) for the lean experiment, conducted at 2560 K. This experiment was conducted with 2% H 2 and 6% O 2 , with a considerable dilution in N 2 to reduce temperature and pressure changes during reaction.
The predicted concentration profiles for OH and NO are in excellent agreement with the experiments. The oxidation of the H 2 occurs on very short times scales compared to the 1 msec monitoring time. The OH concentration peaks almost instantaneously and then declines slowly. Little NO(v=1) is formed during the H 2 consumption period, but [NO(v=1)] increases slowly with time, consistent with the comparatively slow thermal NO formation mechanism. The dashed lines in the figure denote predictions with the k 1 and k 1b from Baulch et al. [35] . They deviate more from the observed NO(v=1)most pronounced for k 1b . Only the study of Homer and Sutton, discussed below, is regarded as suitable for the present purposes. In addition to the premixed flame studies, Rørtveit et al. [76] measured NO in laminar opposed-flow hydrogen diffusion flames. They reported that their measurements were affected by catalytic reactions on the surface of their probe and for this reason, we have disregarded them in the present work.
Formation of NO from H
Homer and Sutton [72] reported measurements of NO concentration profiles in atmospheric-pressure premixed hydrogen-oxygen-nitrogen flames over a range of stoichiometries and temperatures. The flame temperatures were measured by the sodium line reversal technique and were found to be about 30 K below the adiabatic flame temperature. Gas was sampled with a silica probe along the centeraxis of the flames. The NO concentration was determined by oxidizing NO to NO 2 over a catalyst and quantifying NO 2 .
Both Konnov [77] and Frassoldati et al. [78] previously modeled the data 
Conclusions
In the present work, laboratory flow reactor experiments are performed under well controlled conditions on NO formation from oxygen/nitrogen mixtures, varying temperature and O 2 concentration. The results are used to derive an accurate value of the rate constant for the N 2 + O ⇀ ↽ NO + N reaction (R1), allowing for reliable predictions of thermal NO formation in combustion. The value of k 1 = 1.4·10 14 exp(-38300/T) cm 3 mol −1 s −1 is determined from a least-squares fit of data obtained from a modeling interpretation of the experiments at 1700-1800 K. The estimated uncertainty in the determination of k 1 is ±30% in the temperature range considered. Combination of our results with literature values allow us to recommend a value of the rate constant for the reverse reaction, k 1b , of 9.4 x 10 12 T 0.14 cm 3 mol −1 s −1 over the 250-3000 K range. This rate constant has a slight positive temperature coefficient, reconciling the differences between the forward and reverse rate constants given in the evaluation by Baulch et al., and we recommend it for use in kinetic modeling. Predictions with an updated mechanism for thermal NO are in good agreement with results from literature, including data from flow reactors, jet-stirred reactors, reflected shock tubes, laminar flames, and over a wide range of operating conditions. The black symbols denote measurements of the forward reaction while the blue symbols denote data obtained from measurements of the reverse step, converted using the thermodynamic properties of the present work. Data for (R1b): Clyne et al. [17, 21, 23, 26] , Lee et al. [22] , Koshi et al. [29] , Davidson and Hanson [28] , Michael and Lim [31] , Mick et al. [32] ; "pw" is the present work. Data derived from measurements of k 1b : Monat et al. [6] and Thielen and Roth [7] . The long-dashed line shows the recommendations of Baulch et al. [35] for k 1 , while the short-dashed line is the value of k 1 derived from their recommendation of k 1b . The solid line is the rate constant recommended in the present work, k 1b = 9.4 x 10 12 T 0.14 cm 3 mol −1 s −1 . [68] and predicted mole fractions of NO in hydrogen/air combustion in a jet-stirred reactor. The symbols denote experimental data, while the lines denote calculated values. Calculations with the present kinetic model are shown as solid lines while long-dashed lines and short-dashed lines denote predictions with recommended rate constants for (R1) and (R1b), respectively, from Baulch et al. [35] . Reactor conditions: τ = 3.0 ms, T in = 464 K, P = 1 atm. In the calculations, the measured temperatures are used. The symbols denote experimental data from Bowman [70] , while the lines denote calculated values. Calculations with the present kinetic model are shown as solid lines while long-dashed lines and short-dashed lines denote predictions with recommended rate constants for (R1) and (R1b), respectively, from Baulch et al. [35] . Conditions: 2% H 2 , 6% O 2 , 92% N 2 ; initial temperature 2560 ± 20 K; initial pressure 2.07 ± 0.03 atm. The calculations were conducted assuming adiabatic conditions. 
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